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Department of Medical Imaging, College of Medicine, University of Saskatchewan, Royal University Hospital, Saskatoon, Saskatchewan, CanadaAbstractPurpose: In a previous publication, it was revealed that a disturbingly high incidence of adult fingers were seen on pediatric intensive care
unit radiographs, an example of inappropriate occupational exposure to diagnostic radiation. The present study examined adult fingers seen
on neonatal intensive care unit (NICU) radiographs to assess the frequency of this occupational radiation exposure. During this study, we
encountered an unexpected issue. The inappropriately exposed fingers appeared on the raw images but were sometimes cropped during
technologist image processing before being sent to the picture archiving and communication system (PACS) for interpretation. Our audit
describes the frequency of cropping adult fingers from images before display on PACS, with the intent of unmasking this source of occu-
pational radiation exposure, of which quality assurance personnel may not be aware.
Methods: At the x-ray workstation, the raw NICU source x-ray images were analysed for the visibility of adult fingers and then were
compared with the final processed images sent to PACS by the x-ray technologist.
Results: Of 230 radiographs audited, 30 (13%) contained fingers directly in the x-ray beam that remained visible on PACS, 22 (10%)
contained fingers in the direct beam that were cropped before being sent to PACS for analysis, and 44 (19%) contained fingers in the coned
area.
Conclusions: A significant number of adult fingers are being exposed to radiation during the acquisition of NICU radiographs. Cropping
NICU radiographs before sending them to PACS can conceal a significant source of occupational radiation exposure.ResumeObjet : Une publication anterieure a fait etat d’un nombre inquietant de cas de doigts adultes sur les radiographies prises a l’unite de soins
intensifs neonataux (USIN), illustrant une radioexposition professionnelle inappropriee. La presente etude visait a determiner la frequence a
laquelle des doigts adultes apparaissaient sur les radiographies prises a l’USIN afin de conna^ıtre l’importance de ce type de radioexposition
professionnelle. Un fait imprevu a ete mis en lumiere au cours de notre analyse. Les doigts ayant malencontreusement ete exposes etaient
visibles sur les images initiales, mais avaient ete supprimes dans certains cas lors du traitement de l’image par le technologue, et ce, avant
que l’image ne soit acheminee au systeme d’archivage et de transmission d’images (PACS) avant la lecture des examens. Notre analyse
evalue la frequence a laquelle ses doigts adultes ont ete elimines des images, avant leur ’archivage dans le PACS, dans le but de lever le
voile sur cette source de radioexposition professionnelle dont le personnel charge de l’assurance qualite n’a probablement pas
connaissance.
Methodes : Au poste de visualisation, les images initiales prises a l’USIN ont ete analysees afin de determiner si on pouvait y voir des doigts
adultes, puis elles furent comparees aux images traitees ayant ete acheminees au PACS par le technologue en radiologie.
Resultats : Sur les 230 radiographies analysees, 30 cas (13 %) presentaient des doigts d’adultes dans le trajet direct du faisceau de rayons X
et ces doigts sont demeures visibles sur les images archivees sur les PACS. Dans 22 cas (10 %) des doigts dans le faisceau direct etaient
visibles sur les images initiales mais pas sur les images archivees sur le PACS, mais ces doigts ont ete elimines avant que l’image ne soit
acheminee au PACS. Dans 44 cas (19 %) des doigts etaient visibles dans les zones de collimation.* Address for correspondence: Jordan Russell, MD, 202-25 Richard Pl SW, Calgary, Alberta T3E 7N1, Canada.
E-mail address: Jordan.Russell@albertahealthservices.ca (J. Russell).
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In a previous publication, Burbridge [1] revealed x-ray workstation between December 2010 and March 2011,
a disturbingly high incidence of adult fingers visualized on
pediatric intensive care unit (PICU) x-ray films, an example of
inappropriate occupational exposure to diagnostic radiation.
Subsequently, Tynan et al [2] examined the effects of radiation
safety seminars on the incidence of adult fingers on PICU
chest radiographs and observed a 66.7% postintervention
reduction in exposure. In light of this preliminary evidence
that education-based interventions reduce unnecessary occu-
pational radiation exposure [2], we thought that it would be
useful to determine the status of occupational x-ray exposure
in the neonatal intensive care unit (NICU).
During our audit, however, we observed that inappropri-
ately exposed adult fingers were sometimes cropped from of
the original images before they were sent to the picture
archiving and communication system (PACS) for interpre-
tation. Cropping was not an issue during the 2 previous
audits, because all images were hard copy films before the
institution of PACS in our health region.
Therefore, as part of our preliminary study, we documented
the incidence of images with adult fingers cropped before
display on PACS, with the intent of unmasking this hidden
source of occupational radiation exposure. Avoiding unnec-
essary exposure to diagnostic radiation is both a professional
standard for medical radiation technologists and an interna-
tionally recognized safety requirement, as outlined by the
International Commission on Radiological Protection [3,4].
Materials and Methods
For radiograph acquisition in the NICU at the Royal
University Hospital (RUH) in Saskatoon, Saskatchewan,
Canada, a nurse immobilizes the neonate by using one hand
to stabilize the pelvis and the other hand to hold the patient’s
arms above the patient’s head, simultaneously securing the
head in place. The majority of NICU incubators are equipped
with cassette trays, which allows cassettes to be placed under
the patient and bedding but not in contact with either. In
incubators in which cassette trays are not available, the
neonate is placed directly on a covered cassette. Optimal
positioning under the beam is then achieved with reference to
the placement guide of the incubator, which indicates the
center of the underlying cassette.
At the x-ray technologist workstations at RUH, 230
original anteroposterior portable NICU raw chest radio-
graphs, including the area that would be cropped before the
image was sent to PACS, were analysed for the presence of
adult fingers. These raw images were then compared with the
cropped images presented in PACS. Our sample consisted of
consecutive NICU chest radiographs presented on the RUHinclusive. When chest and abdominal radiographs were both
ordered and captured as one image, the composite radiograph
was included in our sample. Extraneous adult fingers were
noted by the reviewer as being either (1) in the direct beam
and visualized on PACS (Figure 1A, B); (2) in the direct
beam but concealed by cropping before the image was sent to
PACS (Figure 2A, B); or (3) in the coned area of the image,
produced by the shielding collimation device of the portable
x-ray machine. The fingers observed were likely predomi-
nantly those of NICU staff members, although those of RUH
medical radiation technologists (MRT), family members, and
other health care workers may have been included as well.
We then calculated 95% confidence intervals (CI) for the
incidence of adult fingers in each of the 3 aforementioned
areas, as well as the total incidence of fingers observed.
Results
Of 230 radiographs audited, 13% (95% CI, 8.7%-17.4%)
contained fingers in the direct beam that remained visible on
PACS; 10% (95% CI, 6.1%-13.9%) contained fingers in the
direct beam that were cropped out of the images before being
sent to PACS for analysis; and 19% (95% CI, 13.9%-24.1%)
contained fingers in the coned area. In total, 42% (95% CI,
35.6%-48.4%) of images contained extraneous adult fingers
in at least 1 of the 3 study areas.
Discussion
In its Standards of Practice guidelines, the Canadian
Association of Medical Radiation Technologists has outlined
a set of principles promoting the knowledgeable and profes-
sional usage of ionizing radiation in a diagnostic setting [1e3].
MRTs are accountable to their peers in themedical community
and are required to communicate effectively to optimize
radiation safety for themselves as well as for others in the
medical setting [2,3]. In addition, the International Commis-
sion on Radiological Protection endorses 3 fundamental
principles of protection from radiation, namely, justification of
exposure, optimization of protection, and dose limitationwhen
appropriate [4]. The avoidance of unnecessary occupational
exposure to diagnostic radiation, therefore, is not only
a professional standard but also an internationally recognized
safety requirement.
As previously noted by Tynan et al [2], in 2009, a number
of possible factors contribute to the inappropriate exposure
of adult fingers to diagnostic radiation in the PICU setting.
Many of these are also relevant to the NICU. A challenging
patient population, time constraints, an incomplete
Figure 2. (A) Original anteroposterior portable neonatal intensive care unit
chest/abdominal radiograph from the x-ray technologist workstation at the
Royal University Hospital in Saskatoon, with an adult finger visualized in
the upper right corner (indicated by an arrow). (B) The same radiograph,
after processing, as it appears on PACS. This is an example of an adult finger
in the direct beam but concealed by cropping before the image was sent to
PACS.
Figure 1. (A) Original anteroposterior portable neonatal intensive care unit
chest radiograph from the x-ray technologist workstation at the Royal
University Hospital in Saskatoon, with an adult finger visualized in the upper
left corner (indicated by an arrow). (B) The same radiograph, after pro-
cessing, as it appears on the picture archiving and communication system
(PACS). This is an example of an adult finger in the direct beam that remains
visible on PACS.
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and an absence of equipment to aid in the acquisition of
portable radiographs in the NICU may all be contributing
factors [1,2]. Two additional contributing factors, which
became apparent during our audit, were (1) a perceived lack
of communication between MRTs and nurses, who are
typically responsible for stabilizing the neonate during image
acquisition; and (2) the inappropriate exposure of fingers that
results from inadequate collimation of the x-ray beam at the
time of image acquisition. Optimizing the collimation of the
original image acquired, therefore, may reduce the incidence
239Adult fingers on NICU chest radiographs / Canadian Association of Radiologists Journal 64 (2013) 236e239of fingers observed in the direct beam, in addition to
reducing unnecessary radiation exposure for the neonate.
Our audit revealed that a large percentage of NICU radio-
graphic images contained adult fingers, many of which were
concealed by cropping before display on the PACS.Wemust be
diligent about evaluating the raw images acquired in theNICU to
unmask this source of occupational radiation exposure.We hope
to reduce this exposure with further educational interventions.
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